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Improved representation of GOM eddies improves intensity 
forecast in GFDL model – added after 2005 season	



content in the Gulf of Mexico before and after 2006 and
compare the GHM to observations (from XBTs [see
Yablonsky and Ginis, 2008, Figure 13]).

4. Conceptual Hurricane Intensity Model

In clarifying the role of ocean feedback in the SST-intensity
response, and developing quantitative metrics to compare

observations and the GHM, it is helpful to consider a
conceptual framework by making a number of simplifying
assumptions to emphasize the basic ocean-atmosphere
coupled phenomena. We are not aiming here for exact
numerical results; rather, our philosophy is to seek a broad
description of the SST-intensity behavior without exact
precision, using the most simple framework possible.
There are no dynamical equations in the model, and it is

Figure 4. Comparison of observations and the GHM for 2005 and 2006–2009, for the criteria V=fv1. SST change on day +2 relative to
day 22 is shown on the ordinate, with error bars marking to 90% and 95% confidence intervals in the mean. The data point on the far
left indicates the mean composite response for all tropical cyclones, while other points mark different categories on the Saffir-Simpson
scale, indicated by numbering along the abscissa. Observations are also shown for 1998–2009.
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SST change in 
following TC	



Lloyd et al (2011, JAMES), Lloyd and Vecchi (2011, J. Clim.)	


A composite response was calculated by averaging SST and

intensity over all track positions for all hurricanes, in both
observations and the GHM. The composite response was
computed separately by category on the Saffir-Simpson scale,
according to the magnitude of the maximum wind speed, and
was also stratified using the criteria V=f , for the tropical
cyclones translation speed V divided by the coriolis parameter
f . A threshold criteria ofV=f~1, where 1 unit5 100 km, was
used to prescribe approximately equal numbers of fast mov-
ing (or low latitude) tropical cyclones for V=fv1, and slow
moving (or high latitude) tropical cyclones for V=fw1. We
focus on the criteria V=fv1 because under these conditions
there is an enhanced role for ocean feedback [Lloyd and
Vecchi, 2011]. For category 0 tropical cyclones, tropical
depressions with maximum wind speeds of 17ms{1 or less
were excluded. To examine the composite mean response two
days after the passage of the tropical cyclone, normal statistics

were used to estimate the uncertainty k in the sample mean x,
for true mean m~x+k. The uncertainty in the composite

mean is given by k~
sta=2ffiffiffi

n
p where s is the sample standard

deviation, n is the number of tropical cyclone track points,
and ta=2 is the t-statistic with significance level a, which was set
to the 90% and 95% confidence intervals.

To examine the effect of the Gulf of Mexico loop current
and warm core eddies from 2006 onwards in the GHM, the
SST-intensity response was subdivided into geographic
regions from 1000 W 2800 W (Gulf of Mexico) and 800

W 200 W. Hurricanes were are also divided into two classes
(intensifying and decaying) based on the tendency of their
intensity, in both observations and the GHM. The average
intensity tendency dI=dt over a 36 hour period (containing
six data points) starting at day 0 was used to define
intensifying or decaying tropical cyclones, such that

Figure 2. Distribution of intensity (denoted by maximum wind speed; ms{1) for all North Atlantic storms in 2005 and 2006–2009. The
GFDL Hurricane Forecast Model (GHM) is marked in red, while the National Hurricane Center Best Track Data for observations is marked
in blue. (a and c) Number of occurrences (ordinate) versus intensity (abscissa), and (b and d) frequency of occurrences (ordinate) versus
intensity (abscissa), for 2005 and 2006–2009 respectively.
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GFDL	
  High	
  Resolu0on	
  Coupled	
  Model	
  Development	
  	
  
Scien&fic	
  Goals:	



• Developing	
  improved	
  models	
  (higher	
  resolu0on,	
  improved	
  physics	
  and	
  
numerics,	
  reduced	
  bias)	
  for	
  studies	
  of	
  variability	
  and	
  predictability	
  on	
  intra-­‐

seasonal	
  to	
  decadal	
  0me	
  scales	


• Explore	
  impact	
  of	
  atmosphere	
  and	
  ocean	
  on	
  climate	
  variability	
  and	
  change	
  

using	
  a	
  high	
  resolu0on	
  coupled	
  model	


• New	
  global	
  coupled	
  models:	
  CM2.4,	
  CM2.5,	
  CM2.6,	
  …	
  

Ocean Atmos Computer Status 

CM2.1 100 Km 250 Km GFDL Running 

CM2.3 100 Km 100 Km GFDL Running 

CM2.4 10-25 Km 100 Km GFDL Running 

CM2.5 10-25 Km 50 Km GFDL/GAEA Running 

CM2.6 4-10 Km 50 Km GAEA Running 

Delworth et al. (2012, J. Clim., in press)	





 
 
Figure 1. Tropical cyclone tracks for 50 years of (a) observations (IBTrACS, 1960–2009) and (b) 

model simulations (CM2.5, 91–140). Boxes denote the sub regions. 
 
 
 
 
 

TC Tracks in CM2.5 and Obs.	

 Kim et al. (2012, in prep.)	





 
 

 
 
Figure 2. Annual mean number of tropical cyclone genesis over each basin.

50-Year Genesis per Basin	



Kim et al. (2012, in prep.)	
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Kim et al. (2012, in prep.)	





Global	
  Surface	
  Temperature	
  Response	
  to	
  2xCO2	
  

Delworth et al (2011)	



1% per year  
CO2 increase 

 CO2 held fixed at twice initial value 



Global Surface Temperature Response to 2xCO2	



Delworth et al (2012, J. Clim. In press)	



CM2.1���
(lo-res)	



CM2.5���
(hi-res)	





CM2.5 TC Response to 2xCO2	
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Kim et al. (2012, in prep.)	





! Doi and Vecchi (2012, in prep.)	



In CM2.5, seasonal phase-
locking of MDR SSTA 

variability shifts in response to 
2xCO2: interannual variability 

of Natl TCs increases	





Thought for addt’l experiment	



• Force AGCMs with MME pattern of SSTA from coupled 
models’ CO2 response + CO2 doubling in AGCM.	



MME either from:	



• CMIP3/CMIP5	



• High-res CGMCs	





Coupled version of Zhao et al. HiRAM	





 
 
Figure 1. Tropical cyclone tracks for 50 years of (a) observations (IBTrACS, 1960–2009) and (b) 

model simulations (CM2.5, 91–140). Boxes denote the sub regions. 
 
 
 
 
 

TC Tracks in CM2.5 and Obs.	

 Kim et al. (2012, in prep.)	
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Figure 5. Composite of all TCs in CM2.5 control run.  (a) surface wind speed, (b) precipitation, 
(c) sea level pressure, and (d) relative vorticity at 850 hPa.   
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Control mean	



Kim et al. (2012, in prep.)	





Some	
  Aspects	
  of	
  Tropical	
  Climate	
  Improve	
  with	
  Resolu0on	
  

Adapted from Delworth et al (2011)	



Annual Tropical Precipitation on 2.5x2.5 Grid	





Interannual standard deviation of SST 

Delworth et 
al. (2012, J. 

Clim., in 
press)	





Figure	
  17	
  DJF 200-hPa geopotential height anomalies regressed onto DJF NINO3 SSTAs, computed using (a) the NCEP/NCAR 
Reanalysis (Kistler et al. 2001) for 1961-2001; (b) the CM2.1 1990 control run for years 11-290; (c) the CM2.5 1990 control run for 
years 11-0270.  The zero contour is omitted.  Green shading in all panels indicates the positions of the observed extrema over the 

North Pacific and Canada.  Prior to computing the seasonal anomalies and regressions, all time series were detrended by removing a 
20-yr running mean. 	
  	
  

	
  

Delworth et 
al. (2012, J. 

Clim., in 
press)	




